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Abstract 
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DESIGN AND DEVELOPMENT OF PALLADIUM CATALYSTS FOR C-C 
BOND FORMING REACTIONS AND CYCLIZATION OF ALKYNES. 
 
The work in the thesis has been presented in five chapters.  
Chapter-I describes a detailed introduction on the recent developments of palladium 
catalyst systems used for C-C bond forming reactions.  The advantages and disadvantages of the 
catalyst systems were explained on the basis of turn over number (TON), turn over frequency 
(TOF), stability of the catalyst, mode of synthesis, cost, recyclability etc.   
Recent developments in the synthesis of heterocycles via cyclization of alkynes were also 
discussed. 
Chapter-II describes the preparation, characterization and anticancer activity of 
benzothiophene based palladacycles. The ligand precursor, propargyl imine bearing o-SMe unit 
was prepared in a single step by Sonogashira coupling of o-ethnylthioanisole and the 
corresponding perfluoroalkyl imidoyl iodides in excellent yields (Scheme 1). Thioanisole 
substituted propargyl imines on treatment with PdCl2Ph(CN)2 in THF at 0 °C afforded 
benzothiophene based palladacycles in good yields via intramolecular thiopalladation reaction 
(Scheme 2). The structure of the palladacycles was confirmed by 
1
H, 
13
C NMR, elemental 
analysis and X-ray diffraction technique. The mechanism of the intramolecular thiopalladation 
reaction was studied by aid of low temperature NMR and ATR-IR spectroscopy. The method 
allows an easy access to heterocyclic based palladacycles, which does not require heterocyclic 
ligand system. The prepared palladacycles were also examined for the anticancer activity against 
three human leukemia cell lines.  
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Scheme 1. Synthesis of o-thioanisole substituted propargyl imines 
 
 
Scheme 2. Preparation of benzothiophene based palladacycles. 
Chapter-III is divided into two sections. Section-A describes the preparation, 
characterization and catalytic application of bis-phosphine palladium complexes in Suzuki 
coupling of aryl chlorides. The ideal substrates for Suzuki coupling are aryl chlorides as they are 
much cheaper and more widely available than their bromide or iodide counterparts. 
Unfortunately they are far more difficult to activate due to comparatively high C-Cl bond 
strength. The bis-phosphine palladium complexes were prepared by the reaction of 
benzothiophene based palladacycle with appropriate phosphine ligands (Scheme 3). The 
synthesized palladium complexes were characterized by using different techniques such as NMR, 
IR, X-Ray etc and then tested for Suzuki-Miyaura coupling of aryl chlorides and bromides. The 
activity of tricyclohexyl phosphine based palladium complex, 2 was found to be higher than that 
of triphenyl phosphine based palladium complex, 1. The tricyclohexylphosphine based 
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palladium complex, 2 was employed in the synthesis of sterically hindered biaryls via Suzuki-
Miyaura coupling of aryl chlorides (Scheme 4). 
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Scheme 3. Synthesis of phosphine based palladium(II) complxes 1 and 2. 
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Scheme 4. Suzuki-Miyaura coupling of aryl chlorides catalyzed by 2 
 Section B: The Heck coupling of aryl bromide and iodides with olefins catalyzed by 
NCN pincer palladium complex is described in this section (Scheme 6). The advantages of NCN 
pincer complexes are, easy to synthesize, stable to air and moisture and low cost. The NCN 
pincer complex was prepared by chloropalladation reaction of quinoline substituted 
perfluoroalkyl propargyl imine with Li2PdCl4 in methanol at room temperature (Scheme 5). 
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Scheme 5. Synthesis of NCN pincer palladium complex 3. 
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Scheme 6. Heck coupling of aryl bromides and iodides catalyzed by 3 
 
Chapter-IV describes the synthesis of highly substituted 2-perfluoroalkyl-3-
iodoquinolines in good to excellent yields under mild reaction conditions by two different 
methods. The first method describes iodocyclization of perfluoroalkyl propargyl imines with I2-
CAN. The second method reports iodocyclization of perfluoroalkyl propargyl amines with I2 and 
ICl. (Scheme 7). The iodocyclization processes using I2/CAN, I2 and ICl showed considerable 
synthetic advantages in term of product diversity, mild reaction conditions, the simplicity of the 
reaction process and good to excellent yields. Antimalarial activity of 2-perfluoroalkyl-3-
iodoquinolines was discussed. The perfluoroalkyl propargyl amines were prepared in excellent 
yields via Sonogashira coupling of easily accessible imidoyl iodides with alkynes followed by 
reduction with NaBH3CN. A new route was showed for the synthesis of 2-perfluoropropargyl 
amines which are the building blocks of perfluoroalkyl heterocycles.  
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Scheme 7.  Synthesis of highly substituted perfluoroalkyl quinolines via electrophilic 
iodocyclization reaction 
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Chapter V is divided in two sections. Section A describes the catalytic activity of Pd/C 
in copper free Sonogashira coupling of acid chlorides and alkynes (Scheme 8). The catalyst can 
be easily separated by filtration and reused for several cycles of reaction. Ynones, the coupling 
product of acid chlorides and alkynes are important synthetic targets for the preparation of 
heterocyclic derivatives such as pyrroles, furans, furanones, pyrazoles, isoxazoles,
 
pyrimidines,
 
quinolines,
 
and iodochromenones etc. Cyclization of (2-methoxyaryl)-substituted ynones 
induced by I2-CAN at ambient temperature gave 3-iodochromones in excellent yields (Scheme 
9). The I2-CAN is a safe and stable reagent for the electrophilic cyclization of (2-methoxyaryl)-
substituted ynones. 
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Scheme 8. Sonogashira coupling of acid chlorides and alkynes catalyzed by Pd/C 
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Scheme 9.  Synthesis of 3-iodochromenones using I2-CAN system 
 
                Section B deals with the catalytic activity of layered double hydroxides supported 
nanopalladium (LDH-Pd
0
) in the Suzuki coupling of aryl halides (bromo- and iodoarenes) at 
room temperature (Scheme 10). The catalyst can be easily recovered by simple filtration and 
recycled without loss of activity. The reusability of the catalyst and mild reaction conditions 
makes the reaction economical and commercially viable. 
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Scheme 10. Suzuki-Miyaura coupling of aryl bromides and iodides at room temperature 
catalyzed by LDH-Pd
0
 
